The recent experimental results of CP violation in B 0 s decays other than in the J/ψφ final state are discussed. Included are the resonant components and φs determination in B 0 s → J/ψπ + π − , CP asymmetries in B 0 s → h + h (′)− decays, and the B 0 s effective lifetimes in the CP -even state K + K − and the CP -odd state J/ψf 0 (980).
Introduction
The time evolution of the B 0 q -B 0 q system is described by the Schrödinger equation
where the M q and Γ q matrices are Hermitian, and CP T invariance requires M 
Formalism
The time dependent decay rates for initial B 0 q or B 0 q decays to a CP eigenstate (f CP ) are:
where λ = (q/p)(Ā f /A f ), Γ q is average width of two mass eigenstates, A f (Ā f ) is the amplitude of B 0 q (B 0 q ) decay, and |p/q| = 1 is used assuming no CP violation in the mixing.
The CP asymmetry is
There are three CP variables but only two are independent: direct CP asymmetry A dir = |λ| 2 − 1 |λ| 2 + 1 , mixing induced CP asymmetry A mix = 2Imλ |λ| 2 + 1 and [Li 2011 , Aaltonen 2011a , Abazov 2012a ]. This mode is a CP -odd eigenstate and can be used to determine φ s without the need for an angular analysis, as is required in the J/ψφ final state [Aaij 2012a , Abazov 2012b , Aaltonen 2011b . With 0.4 fb −1 data, LHCb used the candidates within ±90 MeV of f 0 (980) mass and measured φ s = −0.44 ± 0.44 ± 0.02 rad [Aaij 2012b ]. Whenever two uncertainties are given, the first is statistical and the second systematic. However, the used events are only about half of J/ψπ + π − signal. To optimize J/ψπ + π − usefulness, we need to understand the CP content of this final state. With 1.0 fb −1 data, LHCb [Aaij 2012c ] preformed a modified Dalitz-plot analysis which fits to the m 2 (π + π − ), m 2 (J/ψπ + ) and J/ψ → µ + µ − helicity angle (θ J/ψ ) distributions after integrating the angle between J/ψ and π + π − decay planes. Different from the classical "Dalitz-plot" analysis, the vector J/ψ particle has 3 helicity amplitudes that must be considered. The projection of m 2 (π + π − ) overlayed with the best fit is shown in Fig. 1 . The components and fractions of the best fit are given in Table I . The fraction of J/ψρ is measured less than 1.6% at 95% confidence level (CL); the J/ψρ final state only can be present in higher order processes. The final states listed in Table I are all CP -odd states, expect for f 2 (1270) with helicity |Λ| = 1 which has mixed-CP . Combining with this and ρ, the fraction of CP -even states is less than 2.3% at 95% CL. So the whole mode is dominated by CP -odd state, and can be used for φ s measurement without need of angular analysis. The relative branching ratio between B 
s decay to a CP -odd final state via b → ccs transition, the time dependent decay rates are given in Eq. (2) with λ = −e −φs . We also need to take into account experimental effects, such as acceptance in decay time, time resolution, and dilution due to wrong flavor tagging. The decay time resolution in LHCb is about 40 fs thanks to the excellent vertex detector and large momentum of B Here φ s changes by −0.0020 from the default value and |λ| = 0.89 ± 0.13 consistent with no direct CP violation. The systematic uncertainty due to a possible CP -even component is −0.0008. The measured φ s is consistent with the LHCb preliminary result −0.001 ± 0.101 ± 0.027 rad using B Other possible modes for measuring φ s are
1525) which was first observed by LHCb [Aaij 2012f ]. This mode could be useful but it needs to include additional D-wave in transversity amplitudes. Sizeable S-wave over the entire m(
is also seen [Aaij 2012f ].
• B 0 s → J/ψη (′) which were first observed by Belle [Li 2012 ]. They are CP -even states with large branching fraction, but neutral detection is difficult for experiments in a hadron collider.
The event yields are of order of 5-10% of (J/ψ → µ direct CP asymmetry in B 0 → K + π − , in the limit of exact U-spin symmetry and neglecting certain diagrams with annihilation topologies contributing to the decay amplitude [Fleischer 1999 ].
CP asymmetries in B
The direct CP asymmetry in the flavor-specific decay B 0
is measured by LHCb using 0.35 fb −1 data, where an untagged time-integrated method is used. The measured charge asymmetry after correcting detection and production biases is equal to A CP + O(a 
The raw asymmetry is shown in Fig. 4 (right) . 
Effective lifetimes of B
where A ∆Γs = − 2Reλ |λ| 2 + 1 , as in Eq. (2), and τ H and τ L are the lifetimes of heavy and light mass eigenstates. The CP -odd state J/ψf 0 (980) has A ∆Γs = cos φ s = 1 and CP -even state K + K − has A ∆Γs ≈ −1 (the small difference from unity is discussed in Ref. [Fleischer and Knegjens 2011] ). Therefore, their effective lifetimes are approximately equal to the lifetimes of heavy and light mass eigenstates, respectively. The effective lifetime in J/ψf 0 (980) final state is measured to be 1.700 ± 0.040 ± 0.026 ps by LHCb [Aaij 2012j ] and 1.70 +0.12 −0.11 ±0.03 ps by CDF [Aaltonen 2011a] . The most precise measurement on the effective lifetime in K + K − final state comes from LHCb. The measured value is 1.455 ± 0.046 ± 0.006 ps [Aaij 2012k ]. Those measurements can be used to improve the determination of Γ s and ∆Γ s using the method carried out by HFAG [Amhis 2012 ].
Summary
In summary, the latest world best measurements on CP violation in other B 0 s decays are discussed. They are mostly provided by LHCb collaboration thanks to the larger statics and better detector performance.
